The methanolic extract of the wild edible mushroom Cantharellus cibarius Fr. (chanterelle) was analyzed for in vitro antioxidative, cytotoxic, antihypertensive and antibacterial activities. Various primary and secondary metabolites were found. Phenols were the major antioxidant components found in the extract (49.8 mg g −1 ), followed by flavonoids, whose content was approximately 86% of the total phenol content. Antioxidant activity, measured by four different methods, was high for inhibition of lipid peroxidation (EC 50 = 1.21 mg mL −1 ) and chelating ability (EC 50 = 0.64 mg mL −1 ). The antioxidant activity of the C. cibarius methanol extract was achieved through chelating iron compared to hydrogen atom and/or electron transfer. The extract showed good selectivity in cytotoxicity on human cervix adenocarcinoma HeLa, breast carcinoma MDA-MB-453 and human myelogenous leukemia K562, compared to normal control human fetal lung fibroblasts MRC-5 and human lung bronchial epithelial cells BEAS-2B. The extract had inhibitory activity against angiotensin converting I enzyme (ACE) (IC 50 = 0.063 mg mL −1 ). The extract revealed selective antimicrobial activity against Gram-positive bacteria with the highest potential against E. faecalis. The medicinal and health benefits, observed in wild C. cibarius mushroom, seem an additional reason for its traditional use as a popular delicacy food.
Introduction
Wild mushrooms have long been valued as highly nutritious and tasty foods in many societies throughout the world. 1, 2 They are becoming increasingly important in our nutrition due to their composition with high amounts of protein, low total fat level, and the high proportion of polyunsaturated fatty acids (PUFA), making them excellent in low calorie diets. 3, 4 Furthermore, functional food ingredients present in mushrooms are dietary fibers, peptides, lectins, phenolics, terpenes, alkaloids, vitamins and minerals. 5, 6 In addition to their nutri-tional value, many wild edible mushrooms have been investigated for their pharmaceutical constituents. Their antitumor cell, immunomodulatory, antimicrobial, antifungal, and antiviral properties and aspects are now well established facts. [7] [8] [9] The chanterelle Cantharellus cibarius is widely viewed as among the most desirable of wild edible mushrooms. It is probably the best known species of the genus Cantharellus, if not of the entire family of Cantharellaceae. C. cibarius is world famous not only as delicious food but also because of its appearance from Scandinavia to the Mediterranean in Europe. 10 It is a mycorrhizal fungus that grows at different altitudes, with different kinds of trees, both in the lowlands (often with beech), and in the mountains (grows in clusters in mossy spruce and fir forests) where it can be found up to 1600 meters above the sea level. It is known as the Girolle in France, Capo gallo in Italy, Yumurta mantari in Turkey, and simply as Chanterelle or Golden chanterelle in Britain. 10, 11 Orange or yellow, it is highly appreciated for its wonderful fruity, apricot like aroma, being particularly prized for cooking throughout Europe. It can be used in risotto dishes and omelettes, and it certainly has enough flavor to make tasty soups or sauces to be served with chicken or fish dishes. 12 Despite the fact that C. cibarius is a very good widespread edible mushroom, it has been very difficult to cultivate. One reason seemed the pres-ence of bacteria and other foreign microorganisms within the sporocarp tissues. 10 Like most mycorrhizals, however, C. cibarius cannot be cultivated without its host. 11 After many years of unsuccessful efforts to cultivate Chanterelle, Danell and Camacho 13 reported some early success, but almost two decades later cultivation techniques are still under development.
Fruiting bodies of C. cibarius from different habitats have been analyzed for their levels of carbohydrates, proteins, lipids, vitamins and minerals. 10, 14, 15 Analyses based on the nutritional value (by 100 g fresh weight) reveal that C. cibarius has a low fat (0.53 g) and low energy (160 kJ) content. 16 It presents various vitamins, namely thiamin, niacin, pantothenic acid, riboflavin, ascorbic acid, and is among the richest sources of vitamin D known, with ergocalciferol (vitamin D 2 ) as high as 212 IU per 100 g fresh weight. 16 Scientists suggested that C. cibarius may have potent insecticidal properties that are harmless to humans and yet protect the mushroom body against insects and other potentially harmful organisms. 17 Besides, C. cibarius has been reported as a source of phytochemicals and antioxidants with potential medicinal values. 14, 18 Herein, we present a study of the chemical composition and biological properties of the methanolic extract of the wild mushroom Cantharellus cibarius found in Durmitor, a national park in northwestern Montenegro, in order to assess this natural source of nutrients and nutraceuticals. Chemical analysis included preliminary phytochemical screening of the mushroom extract and determination of phenolics, flavonoids, carotenoids, lycopene, ascorbic acid, and carbohydrates and protein quantities. We also used Fourier transform infrared (FT-IR) and Ultra Violet-Visible (UV-VIS) spectroscopy for further analysis of its chemical composition. Biological characterization was focused on the in vitro evaluation of mushroom extract bioactive properties such as antioxidant, antimicrobial, cytotoxic activities and for the first time angiotensin-converting enzyme (ACE) inhibition.
Materials and methods

Chemicals
Dimethylsulfoxide (DMSO), Angiotensin Converting Enzyme (ACE) from rabbit lung [EC 3.4.15.1], 1,1-diphenyl-2-picrylhydrazyl (DPPH), linoleic acid, 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT), Dragendorff's and Mayer's reagent, Fast Blue BB diazonium dye, ferric chloride, potassium ferricyanide, ferrozine, ferrous chloride, standards such as D-Glucose (D-Glc; anhydrous, 99.5% min), α-tocopherol, ascorbic acid, citric acid, ethylenediaminetetraacetic acid (EDTA), (+)-catechin, gallic acid, bovine serum albumin (BSA, 98% electrophoresis purity), hippuryl-L-histidyl-L-leucine (HHL) and captopril, RPMI-1640, fetal bovine serum (FBS), Hepes, streptomycin, penicillin and L-glutamine were purchased from Sigma Chemical Co. (St. Louis, MO, USA) and Merck Co. (Darmstadt, Germany). 2,3,5-Triphenyl tetrazolium chloride (TTC) was procured from Aldrich Chemical Company Inc. USA. Absolute methanol (Methanol Optigrade) was provided by LGC Promochem, Germany. All other chemicals and reagents were either extra pure or of analytical reagent grade. Microbiological media were purchased from Merck Millipore (Darmstadt, Germany).
Fruiting body selection
Wild fruiting bodies of Cantharellus cibarius Fr. (chanterelle) were harvested in summer 2013 in mossy Abies alba forests, among grasses and low-growing herbs ( Fig. 1) , in a national park, Durmitor (Montenegro), a protected territory under The United Nations Educational, Scientific and Cultural Organization (UNESCO) designations. 19 After collection, carpophores were identified according to the methods of classical herbarium taxonomy to confirm correct species, 20 then brushcleaned, air-dried at 40°C to constant mass and ground into fine particles by a Cyclotec mill (Tecator, Hoganas, Sweden) through 0.5 mm sieves into powder (40 mesh), which was then stored in the dark prior to analysis. 21 The representative voucher specimens and their mycelial cultures were deposited at the herbarium of the Department for Industrial Microbiology (University of Belgrade-Faculty of Agriculture) in the culture collection for mushrooms.
Sample preparation
The fruiting bodies were lyophilized (LyoAlfa 15-85, Telstar, Spain) and powdered before analysis. The methanolic extract was obtained according to the method of Barros et al. 22 with slight modifications. The dry sample (10 g) was extracted by stirring with 200 mL of methanol at 120 rpm for 24 h and filtered through Whatman No. 4 paper. The residue was then extracted with two additional 200 mL portions of methanol, as described earlier. The combined methanolic extracts were evaporated at 40°C to dryness (Buchi Rotavapor® R II) and stored at 4°C for further use.
Phytochemical screening
The preliminary phytochemical screening of the mushroom extract was carried out by using the methods of Kokate 23 and Harborne. 24 The following phytochemicals and tests were evaluated: glycosides by Keller-Kiliani's, sterols by Liebermann-Burchard's, phenols after addition of ferric chloride solution, and flavonoids by using magnesium turnings. Tannins were observed by lead-acetate test, alkaloids by using Dragendorff's and Mayer's reagent separately, and detection for free anthraquinone was done by Borntrager's test. The presence of terpenoids was observed by using Salkowski test, after addition of chloroform, and few drops of concentrated H 2 SO 4 . Each analysis was carried out in five replications.
Determination of polysaccharide and protein content
The total polysaccharide content of the extract was determined using the phenol-sulfuric acid method with D-Glc as a reference. 25 The standard curve was drawn using 62.5-500 μg mL −1 of Glc and the results are expressed as mg of Glc equivalents per g of DW of the extract.
Protein concentration was determined by Bradford 26 and BSA (0.1-1.0 mg mL −1 ) was used to produce a standard calibration curve. The total protein content of the extracts was expressed as mg of BSA equivalents per 1 g of DW of the extract.
Determination of phytochemical content
The total phenolic (TP) content was determined using a recently developed Fast Blue BB (FBBB) method. 27 The C. cibarius methanol extract was diluted one time with DMSO. 28, 29 The TP analysis consisted of adding 0.1 mL of 0.1% Fast Blue BB diazonium dye to 1 mL sample followed by the addition of 0.1 mL of 5% NaOH. After 90 min reaction time, the absorbance was measured at 420 nm with a UV/Vis spectrophotometer (Shimadzu UV-1650 PC, Japan). The standard curve was drawn using 15-250 μg mL −1 of gallic acid and the content of total phenols was expressed as gallic acid equivalents (GAE) per g of DW of the extract.
The flavonoid content in the extract was determined by a colorimetric method described by Jia et al. 30 with some modifications of Barros et al. 22 The mushroom extract (250 μL) was mixed with 1.25 mL of Milli-Q water (MQ) and 75 μL of a 5% NaNO 2 solution. After 5 min, 150 μL of a 10% AlCl 3 solution was added. After 6 min, 500 μL of 1 M NaOH and 275 μL of MQ were added to the mixture. The solution was mixed well and the intensity of pink colour was measured at 510 nm using a UV/Vis spectrophotometer (Shimadzu UV-1650 PC, Japan). (+)-Catechin was used to calculate the standard curve (0.022-0.34 mM) and the results are expressed as mg of (+)-catechin equivalents (CEs) per g of extract.
Ascorbic acid was determined according to the method of Klein & Perry. 31 The dried methanolic extract (100 mg) was extracted with 10 mL of 1% metaphosphoric acid for 45 min at room temperature and filtered through Whatman No. 4 filter paper. The filtrate (1 mL) was mixed with 9 mL of 2,6-dichlorophenolindophenol and the absorbance was measured within 30 min at 515 nm against a blank. The content of ascorbic acid was calculated on the basis of the calibration curve of authentic L-ascorbic acid (20-250 μg mL −1 ) and the result was expressed as mg of ascorbic acid per g of the extract.
β-Carotene and lycopene were determined according to the method of Nagata & Yamashita. 32 The dried methanolic extract (100 mg) was vigorously shaken with 10 mL of an acetonehexane mixture (4 : 6) for 1 min and filtered through Whatman No. 4 filter paper. The absorbance of the filtrate was measured at 453, 505 and 663 nm. Contents of β-carotene and lycopene were calculated according to the following equations: lycopene (mg per 100 mL) = −0.0458 A663 + 0.372 A505 − 0.0806 A453 ; β-carotene (mg per 100 mL) = 0.216 A663 − 0.304 A505 + 0.452 A453 . The results are expressed as μg of carotenoid g −1 of the extract.
FT-IR and UV-VIS extract analyses
The crude methanol extract from C. cibarius contained a part that was hardly soluble in methanol, and could possibly contain some bound phenolic compounds. Therefore, the crude extract was subjected to alkaline hydrolysis as described by Hung & Nhi 33 with some modifications. The whole crude extract was saponificated with 2 M NaOH, then acidified to pH 2 with 4 M HCl, after which the solution was evaporated to dryness and the residue was dissolved in pure methanol.
2.7.1. FT-IR spectroscopy. The FT-IR spectrum was obtained using a Fourier transform infrared spectrophotometer Thermo-Nicolet Model 6700 (Thermo Scientific, USA), equipped with Smart Orbit (Diamond) ATR accessory and OMNIC 7.3 software, in the 4000-400 cm −1 range at a resolution of 4 cm −1 in transmission mode.
2.7.2. UV-VIS spectroscopy. The UV-Vis spectrum was recorded on an UV-Vis spectrophotometer GBC Cintra 40. The spectrum was recorded in a spectral range between 225 and 550 nm.
Evaluation of the antioxidant properties
For measuring antioxidant activity in vitro, different methods, corresponding to different levels of antioxidant action, were used. 34 The radical absorbance ability of the C. cibarius methanolic extract using the DPPH free radical-scavenging capability, inhibition of lipid peroxidation in the linoleic acid model system and the ferric (Fe 3+ ) reducing antioxidant power assay were compared. Also, the chelating ability of ferrous ions (Fe 2+ ) of the investigated extract was observed according to the method of Dinis et al., 35 with slight modifications. 34 For each method the extract was analyzed at a concentration range of (0.01-10 mg mL −1 ). The results are normalized and expressed as median effective concentrations, i.e. EC 50 (mg mL −1 ) values, which are the effective concentrations of the mushroom extract that are required to show 50% antioxidant properties. A lower EC 50 value corresponds to higher antioxidant activity of the mushroom extract. Each extract was ana-lyzed in five replicates for each antioxidant test, and the results are reported as mean values ± standard deviation.
Cytotoxicity analysis
Stock solution of the C. cibarius extract was prepared in DMSO at a concentration of 50 mg mL −1 and afterwards diluted with complete nutrient medium (RPMI-1640) supplemented with 3 mM L-glutamine, 100 μg mL −1 streptomycin, 100 IU mL −1 penicillin, 10% heat inactivated fetal bovine serum (FBS) and 25 mM Hepes, and adjusted to pH 7.2 by a bicarbonate solution. Human cervix adenocarcinoma HeLa, breast carcinoma MDA-MB-453, human fetal lung fibroblasts MRC-5 and human lung bronchial epithelial cells BEAS-2B cells were cultured as monolayers in nutrient medium, while human myelogenous leukemia K562 cells were maintained as a suspension culture. The cells were grown at 37°C in 5% CO 2 and a humidified air atmosphere.
HeLa (2000 cells per well), MDA-MB-453 (3000 cells per well), MRC-5 (5000 cells per well) and BEAS-2B (5000 cells per well) cells were seeded into 96-well microtiter plates and 20 h later, after the cell adherence, five different concentrations of the extract were added to the wells. Final concentrations were in the range from 0.0625 to 1 mg mL −1 . Only nutrient medium was added to the cells in the control wells. The investigated extract was added to a suspension of leukemia K562 cells (5000 cells per well) 2 h after cell seeding, in the same final concentrations. All experiments were done in five replications. Nutrient medium with the corresponding concentrations of compounds, but void of cells was used as a blank.
Cell survival was determined by the MTT test according to the method of Mosmann 36 and modified by Ohno and Abe, 37 72 hours after the investigated extract was added. Briefly, 20 µL of MTT solution (5 mg mL −1 in phosphate buffered saline) was added to each well. Samples were incubated for further four hours at 37°C under a humidified atmosphere with 5% CO 2 . Then, 100 µL of 10% sodium dodecyl sulfate (SDS) was added to the wells. Absorbance was measured at 570 nm the next day. To achieve cell survival (%), absorbance at 570 nm of a sample was divided by the absorbance of the control sample (the absorbance of cells grown only in nutrient medium), after subtraction of absorption of the blank. Concentrations of the extract which induced a 50% decrease in malignant and normal cell survival (IC 50 values) were calculated from a doseresponse growth curve with Microsoft® Excel® 2013 software.
2.10. ACE inhibitory activity assay 2.10.1. ACE activity assay. The following method is based on the method described by Hernandez-Ledesma et al. 38 with some modifications. 25 μL of ACE (26 mU mL −1 ) dissolved in glycerol (50%) was incubated with 15 μL of MQ water at 37°C for 10 min. After the addition of 110 μL of 10 mM HHL dissolved in a pH 8.3 0.2 M phosphate buffer with 0.3 M NaCl, the reaction solution was incubated at 37°C for 80 min. ACE activity was stopped by a decrease in pH by addition of 110 μL of 1 M HCl. The hippuric acid formed in the enzymatic process was extracted with 1 mL of ethyl acetate, shaken, and later centrifuged at 3000g for 10 min. 750 μL of the organic layer was taken and dried out at 95°C for 30 min. The residue, hippuric acid, was redissolved in 1 mL of MQ water, and the absorbance was measured at 228 nm.
The reaction blank was prepared by adding the HCl before adding the enzyme. No incubation is then needed. 38 2.10.2. ACE-inhibitory activity. The inhibition percentage of the C. cibarius methanol extract was determined using the conditions selected in this study, replacing 15 μL of water with the same volume of the sample to be studied. The dried extract was redissolved in 10% DMSO 39, 40 before analysis at a concentration range of 0.005-5 mg mL −1 . The determinations were carried out in five replications.
When the sample contained substances that could interfere, it was necessary to determine their absorbance and apply the formula provided in this study. 38 The sample blank was prepared in the same way as the reaction blank, replacing the volume of water by the sample.
The ACE inhibition percentage was calculated using the following equation:
where A represents absorbance in the presence of ACE, B absorbance of the reaction blank, C absorbance in the presence of ACE and inhibitor, and D absorbance of the sample blank. 38 These microorganisms were chosen for the bioassay because of their well known food spoilage and pathogenic characteristics. Each species was maintained on a Mueller-Hinton agar (MHA) plate which was also used to confirm the absence of contamination and the validity of the inocula. Before testing every species was recovered by sub-culturing in Mueller-Hinton broth (MHB), aerobically, for 24 h, at 37°C. Working concentrations of approximately 10 5 -10 6 cfu mL −1 used for antibacterial activity assays were prepared by appropriate dilution of culture in microbiological medium.
Antimicrobial activity testing
The C. cibarius methanol extract was dissolved in DMSO (2%) to prepare stock solutions at a concentration of 80 mg mL −1 , sterilized by filtration through a 0.22 μm membrane filter (Sartorius, Germany) according to Tepe et al. 88 and further diluted in MHB to working solutions. DMSO was chosen as a non-toxic solvent.
2.11.1. Disk diffusion method. The disk diffusion assay was done according to CLSI, 41 with some modifications. Each bacterial culture (approximately 10 5 -10 6 cfu mL −1 ) was added (0.1 mL) to Petri dishes (90 mm) containing MHA (20 mL). Three sterile blank paper disks (6 mm in diameter, Susceptibility Test Discs, SD 067-5CT, HiMedia) were placed on the surface of each agar plate and inoculated with 50 μL of the mushroom extract (20 mg mL −1 ). After 2 h at 25°C, the plates were incubated aerobically, for 24 h at 37°C. After the incubation period, the inhibition zone (mm) was measured including the initial diameter of the disk. Tests were performed in five repetitions and the results were analyzed for statistical significance.
The plates with MHA were sterility controls. Negative controls were disks impregnated with DMSO. Positive controls were disks (Sigma-Aldrich GmbH, Steinheim, Germany) with gentamicin (30 μg) and tetracycline (30 μg).
2.11.2. Broth microdilution method. The broth microdilution method was employed to determine minimum inhibitory (MIC) and minimum bactericidal (MBC) concentrations. 41, 42 Concentrations of the mushroom extract ranged from 0.0097 to 20.0 mg mL −1 . Test bacterial culture (50 μL) in MHB was added to the wells of a sterile 96-well microtiter plate (Sarstedt, Germany) already containing 50 μL of the two-fold serially diluted extract in MHB. The final volume in each well was 100 μL. The microplates were prepared in triplicate and incubated aerobically, for 24 h at 37°C. Sterility controls were wells with MHB. Negative controls were wells with mushroom extracts in 50 μL of MHB. Positive controls were wells with a bacterial suspension in 50 μL of MHB and wells with a bacterial suspension in MHB with DMSO in amounts corresponding to the highest quantity present in the broth microdilution assay (to prove that DMSO had no inhibition effect on the bacterial growth). A microplate shaker (Lab Companion, VM-96B, Korea) was used for mixing the content of each well at 900 rpm for 1 min prior to incubation under the cultivation conditions described above.
To indicate cellular respiration, TTC was added to the culture medium. The final concentration of TTC after inoculation was 0.05%. Viable microorganisms enzymatically reduced the colorless compound in TTC to a pink TPF (1,3,5triphenylformazan). The MIC was defined as the lowest sample concentration that prevented this change and exhibited complete inhibition of bacterial growth. MBC was determined by serial sub-cultivation of 50 μL from each well that showed no change in colour into microplates containing 50 μL of MHB. The microplates were incubated aerobically, for 24 h at 37°C. The lowest concentration of the extract without any visible growth after this sub-culturing was considered as minimum bactericidal concentration (MBC).
Statistical analysis
All determinations of antioxidant, cytotoxic, antibacterial and ACE-inhibitory activities were done in five repetitions. The results are reported as mean ± standard error of the mean (SEM). Statistical analyses were done using MS Excel (Microsoft Office 2007 Professional). Calculation of EC 50 values was done by linear regression analyses using free statistical regression calculations online. 43 
Results and discussion
Preliminary screening of secondary metabolites
Following the methanol extraction, the results of the phytochemical screening of the C. cibarius extract are presented in Table 1 . Different types of secondary metabolites such as phenols, flavonoids, terpenoids, sterols, glycosides, anthraquinones and tannins were present while no alkaloids were detected.
The phytochemical composition of the C. cibarius methanolic extract from a different country 44 has already been described. Aina et al. 44 reported that the methanolic extract of C. cibarius obtained from the Oyingbo market in Lagos (Nigeria) contained flavonoids, alkaloids, anthraquinones, terpenoids, saponin and phenols, while the presence of tannins, phlobatannins, and steroids was not confirmed.
Despite some similarities in the composition of African and European C. cibarius extracts, it is known that the chemical compositions of mushrooms are affected by a number of factors, namely, mushroom strain/type, composition of growth media, time of harvest, management techniques, handling conditions, and preparation of the substrates. 45 Moreover, stress conditions such as UV radiation, infection by pathogens and parasites, wounding, air pollution and exposure to extreme temperatures have significant effects on the levels and quality of the phytochemicals in mushroom species. 46, 47 
Carbohydrate, protein and phytochemical content
The results of the carbohydrate, protein and selected phytochemical content (expressed on dry weight basis) obtained for the investigated extract are shown in Table 2 .
Phenols were the major components found in the extract (49.8 mg g −1 ), followed by flavonoids, whose content was approximately 86% of the total phenol content. Grangeia et al. 3 by using Folin-Ciocalteu's method, reported that the total phenol content in the methanolic extracts of different saprotrophic and mycorrhizal wild edible mushrooms was in the range of 22-48 mg GAE g −1 DW extract.
Barros et al. 14 flavonoids on the DW of the Portuguese wild C. cibarius methanol extract. The same research group 47 showed that no phenolic acids were detected in C. cibarius. Valentao et al. 18 identified the presence of six phenolic compounds (3-,4-and 5-O-caffeoylquinic acid, caffeic acid, p-coumaric acid and rutin) and five organic acids (citric, ascorbic, malic, shikimic and fumaric acids) in wild Cantharellus cibarius from the northeastern region of Portugal. The existence of chemical variability within the species cannot be excluded considering that, as each individual may result from the cross-breeding of different hyphae, each mushroom could represent a distinct genotype. 18 On the other hand, the loss of water also increased phenol oxidase activity of phenolic compounds, which are oxidized to quinones and form brown/black melanin pigments. 18 Phenolic compounds include different subclasses (flavonoids, phenolic acids, stilbenes, lignans, tannins, oxidized polyphenols) displaying a large diversity of structures, some of which may escape the usual methodologies of analysis. 48 The Folin-Ciocalteu reagent has been widely used for many years in measuring total phenolics. However, this method has been criticized for its lack of specificity since several non-phenolic substances such as ascorbic acids, amino acids and sugars can interfere with the TP measurement. 14, 27 In addition, the results have to be expressed in equivalents of a particular standard compound (like catechin, gallic acid or tannin acid). All these aspects make the results obtained from different authors difficult to compare.
FBBB, a recently developed, simple, rapid, and direct detection of phenolics in foods, beverages, and agricultural byproducts, was also used to measure TP. 27 It is based on the coupling of phenolic compounds with the Fast Blue BB diazonium salt resulting in the formation of azo complexes where coupling mostly occurs at the para position to the phenolic activating group. Coupling or substitution may also occur at the ortho position to the activating group. Phenolics in slightly alkaline solution are converted to the more active phenoxide ions, allowing the coupling to occur. 27 Therefore, in this study we opted for the detection of the phenol content by using the FBBB method.
Ascorbic acid was found in an amount of 1 mg mL −1 (Table 2) , approximately 2.5 times more than in the methanol extract of wild Portuguese C. cibarius. 14 Grangeia et al. 3 found high concentrations of ascorbic acid in the methanolic extracts of different saprotrophic and mycorrhizal wild edible mushrooms. The highest ascorbic acid concentration was found in the saprotrophic mushroom Clitopilus prunulus (400.36 mg per 100 g DW), while the lowest value was found in the mycorrhizal mushroom Boletus fragrans (81.32 mg per 100 g DW).
β-Carotene and lycopene were found in significantly higher concentrations (Table 2 ) than the β-carotene (5.77 ± 0.41 μg g −1 ) and lycopene (1.95 ± 0.28 μg g −1 ) content of the wild Portuguese C. cibarius methanol extract. 14 Carbohydrates were expected in the extract (Tables 1 and 2) . Bioactive phenol and flavonoid glycosides were reported in many fungal species. 49, [50] [51] [52] Kim et al. 53 isolated β-sitosterol glucoside from the methanol extract of C. cibarius.
The protein content in the methanol extract was 9.3 mg g −1 ( Table 2 ). The methanol-soluble proteins are known to specifically contribute to the production of flavor. [54] [55] [56] Mildly savory or "umami" taste of mushrooms is the taste quality usually represented by amino acids, or proteins. 55 Cantharellus cibarius is comprised of 10% protein. 57 One amino acid in particular, glutamate, was found to be present in high concentrations. 58 High levels of glutamate were reported in several commercially available mushrooms Lentinula edodes, Pleurotus ostreatus, and Agaricus bisporus, alongside other foods that are traditionally considered rich in amino acids and are good examples of "umami" foods. 55 
FT-IR and UV-VIS extract analyses
The FT-IR spectrum of the C. cibarius methanolic extract contained absorption bands characteristic for the functional groups of the components that are present (Fig. 2) . The strong broad band at 3384 cm −1 was assigned to the presence of OH stretching in hydrogen bonds and N-H vibration. Absorption peaks between 2950 and 2850 cm −1 correlated to stretching frequencies of aliphatic C-H groups. Absorption peaks at 2928 cm −1 and 2855 cm −1 suggested aliphatic C-H asymmetric and symmetric stretching vibrations, respectively, and the peak at 3010 cm −1 was related to the presence of the stretching frequencies of an aliphatic methyl group. In addition, the peak at 1430 cm −1 was also due to aliphatic groups. This spectrum showed an absorption band at 1739 cm −1 that was indicative for stretching frequencies of an esterified CvO group, and the band at about 1690 cm −1 was indicative for asymmetric vibrations of the carboxylic group. The absorption peak at 1585 cm −1 showed the presence of phenolic CvC stretching vibrations. This intensive peak was overlapped by a corresponding C-C stretching vibration of the polyene chain of chromophore at 1550 cm −1 .
The peak at 1400 cm −1 correlated to stretching frequencies of OH groups of phenolic compounds. The peak at 1240 cm −1 indicated aromatic (C-O-C) frequencies and overlapped with absorption frequency of C-N stretching. Peaks at 1078, 1050, 1022, and 930 cm −1 correlated to C-O-C linkages of sugar components which were remaining in the extract. 59 Table 2 Content of carbohydrates, proteins and selected phytochemicals of the methanol extract from C. cibarius expressed as the dry weight of the extract (mean ± SEM) C. cibarius methanol extract Carbohydrates (mg g −1 )
30.4 ± 0.9 Proteins (mg g −1 )
9.3 ± 0.7 Phenols (mg g −1 )
49.8 ± 1.6 Flavonoids (mg g −1 )
42.9 ± 2.0 Ascorbic acid (mg g −1 )
1.0 ± 0.1 β-Carotene (μg g −1 )
194.5 ± 5.1 Lycopene (μg g −1 )
112.2 ± 2.9
The UV-Vis spectrum (Fig. 3 ) of our methanol solution showed two major absorption bands that were characteristic of phenolic compounds, the first one with the absorption maximum in the spectral range between 250 nm and 285 nm (λ max 261.8 nm) and the second one with the maximum in the range of 320 nm-380 nm (λ max 340.9 nm). The absorption peaks in the mentioned spectral ranges indicated the presence of phenolic compounds and their derivatives in the mushroom 60 and were in accordance with previously published data. 61,62
Evaluation of antioxidant activities
The antioxidant properties were evaluated using the whole extract, which is a complex mixture of phytochemicals (Tables  1 and 2 ) with additive and synergistic effects. To screen the antioxidant properties, several chemical assays were performed: scavenging activity on DPPH radicals (measuring the formation of the nonradical form of DPPH-H in solution, in the presence of a hydrogen-donating antioxidant), reducing power (measuring the conversion of a Fe 3+ -ferricyanide complex to the Fe 2+ form), inhibition of lipid peroxidation in the linoleic acid model system (measuring the formation of conjugated dienes in the system), and the chelating effect on Fe 2+ ions. The Fe 2+ was monitored by measuring the formation of the Fe 2+ -ferrozine complex.
The results were normalized and expressed as EC 50 (mg mL −1 ) values which are the effective concentrations of the mushroom extract that are required to show 50% antioxidant properties (Table 3) . A lower EC 50 value corresponds to higher antioxidant activity of the mushroom extract. α-Tocopherol, ascorbic acid, EDTA and citric acid were used for comparison.
With regard to scavenging ability of DPPH radicals, the methanol extract from C. cibarius showed scavenging ability as evidenced by its EC 50 value of 16.31 mg mL −1 (Table 3) . It was comparable with the EC 50 value (19.65 ± 0.28 mg mL −1 ) of the methanol extract from Portuguese wild C. cibarius, 14 but significantly higher than the EC 50 value (2.68 mg mL −1 ) of scavenging ability of the DPPH radical for the methanol extract from Nigerian wild C. cibarius. 44 Ascorbic acid and α-tocopherol are both confirmed as excellent scavengers of DPPH radicals (EC 50 < 0.01 mg mL −1 ). These are accepted food additives, and used at mg levels in foods.
In our previous studies, the antioxidative properties of polysaccharide extracts of various mushrooms obtained by different extraction procedures were tested. 21, 34, 42, [63] [64] [65] Extracts demonstrated very good scavenging ability on DPPH radicals, among which Phellinus linteus, Ganoderma lucidum, Ganoderma applanatum and Lentinula edodes extracts showed particularly low EC 50 values (<0.1 mg mL −1 ). 21, 34 Our C. cibarius methanol extract showed a good capacity for inhibition of lipid peroxidation as shown by its low EC 50 value (1.21 ± 0.05 mg mL −1 ). It was comparable to the EC 50 value of ascorbic acid (0.87 ± 0.11 mg mL −1 ). α-Tocopherol showed excellent antioxidant activity (EC 50 < 0.01 mg mL −1 ). Tocopherol functions as a chain-breaking antioxidant for lipid peroxidation in cell membranes. 66 A wide range of atherogenic processes have been reported to be influenced by the oxidative modification of low-density lipoproteins (LDLs) and their components. 67 For reducing power of C. cibarius an EC 50 value of 7.56 ± 0.41 mg mL −1 was found and it was comparable with the EC 50 value, 8.72 ± 0.03, of Portuguese wild C. cibarius. 14 Testing chelating ability, our methanol extract exerted a high potential in chelating on Fe 2+ ions (Fig. 4) . The chelating ability increased as the concentration increased from 0.01 to 2.5 mg mL −1 and reached a plateau of 98.1-100% at 2.5-10.0 mg mL −1 . At a concentration of 2.5 mg mL −1 the methanol extract showed the same potential in chelating capability of Fe 2+ ions as the most potent chelator EDTA (Fig. 4) .
Chelation is an important parameter. Iron has several vital functions in the body as oxygen transport, in respiration, and the activities of many enzymes. 68 However, iron is an extremely reactive metal and possesses the ability to produce reactive free radical species and catalyze oxidative changes in lipids, proteins, and other cellular components. 69 Antioxidants can exercise their protective properties at different stages of the oxidation process and by different mechanisms. There are two main types of antioxidants, namely, primary (chain breaking, free radical scavengers) and secondary or preventive. Secondary antioxidant mechanisms may include deactivation of metals, inhibition of breakdown of lipid hydroperoxides to unwanted volatile products, regeneration of primary antioxidants, singlet oxygen quenching, etc. 70 But it should also be kept in mind that antioxidants often act via mixed mechanisms that combine different types of antioxidation. 63 However antioxidant effectiveness is related to activation energy, rate constants, oxidation-reduction potential, ease with which the antioxidant is lost or destroyed (volatility and heat susceptibility), and antioxidant solubility. 71 Hence, the results of the antioxidant assays indicated that the antioxidant activity of the methanol extract of C. cibarius was achieved through chelating iron as a dominant mechanism compared to hydrogen atom and/or electron transfer mechanisms in the formation of the nonradical forms.
In vitro cytotoxic activity
The cytotoxicity of the C. cibarius extract was tested against selected cancer cell lines: human cervix adenocarcinoma HeLa, human myelogenous leukemia K562 and human breast carcinoma MDA-MB-453 cells. Control normal cells were human fetal lung fibroblasts MRC-5 and human lung bronchial epithelial cells BEAS-2B (Table 4) .
With IC 50 values (concentration of extract that is required for 50% inhibition in vitro) ranging from 0.231 to 0.307 mg mL −1 following continuous incubation, the examined extract possesses moderate cytotoxicity against all investigated tumor cells. The highest cytotoxicity was found in K562 cells (IC 50 = Fig. 4 Chelating ability on ferrous ions of methanol extract from C. cibarius. Each value is expressed as mean ± SEM (n = 5). 0.231 mg mL −1 ). The C. cibarius extract showed higher selectivity in antitumor cell action than to normal control cells. MRC-5 and BEAS-2B cells were significantly less sensitive to cytotoxic action of the investigated extract (IC 50 = 0.661 mg mL −1 and 0.539 mg mL −1 , respectively). Our extract expressed a significant potential in the chelating ability of Fe 2+ ions (Fig. 4) . Tumor cells contain more iron than other normal tissues. 72 It is reasonable to expect that treatment of tumor cells with the C. cibarius methanol extract (Table 4 ) could induce apoptosis in vitro. 72, 73 
ACE inhibitory activity
The renin-angiotensin-aldosterone system is a key factor in the maintenance of arterial blood pressure. One of its main components is the angiotensin-converting enzyme (ACE), which is a glycosylated zinc dipeptidyl-carboxypeptidase whose main function is to regulate arterial blood pressure and electrolyte balance through the renin-angiotensin-aldosterone system. 74, 75 Though several synthetic ACE inhibitors are currently in clinical use as antihypertensive agents, 74 all come with certain adverse effects. 75, 76 Therefore, for safety reasons, interest in identifying food sources as ACE inhibitor has increased.
The crude methanol extract of C. cibarius exhibited ACEinhibitory (ACEI) activity in vitro and had an IC 50 of 0.063 ± 0.008 mg mL −1 compared to captopril, which had an IC 50 value of 0.006 ± 0.000 mg mL −1 . Prior to analysis methanol was evaporated from the extract and it was redissolved in 10% DMSO. As was reported 40 an alcohol solution is not suitable for sample dissolution because it could interfere with the samples and mask their inhibitory activity, so false positive results could be obtained.
No enzyme inhibition was observed in this study. Moalli et al. 77 suggested significant differences between in vivo and in vitro kinetics of ACE inhibition. They reported that captopril behaved as a noncompetitive ACE inhibitor in vivo. Other studies have indicated that this inhibitor acts as a competitive or mixed competitive and noncompetitive ACE inhibitor in vitro. Significant differences, however, between in vivo and in vitro experimental conditions suggest that the kinetics of enzyme inhibition in vitro may not necessarily reflect the action of the inhibitor in vivo. 77 The methanol extract of C. cibarius is a complex mixture of primary and secondary metabolites (Tables 1 and 2) . Significant concentration of flavonoids (Table 2) as well as the high potential of chelation ( Fig. 4, Table 3 ) may indicate the formation of chelation complexes with the active site of the enzyme as one of the possible mechanisms. 75 Furthermore, the ACEI activity of different foods and plant extracts rich in flavonoids was earlier demonstrated by in vitro studies, 78, 79 and by in vivo studies in hypertensive rats 80, 81 and humans. 82 Identification of most potent components in the C. cibarius methanol extract as ACE inhibitors necessitates further studies. In addition, further tests in vivo seem to be needed which may more accurately reflect the therapeutic behavior of a potential ACE inhibitor component of the C. cibarius methanol extract.
Antimicrobial activities
Antimicrobial properties of our extract were examined against selected foodborne pathogenic bacteria, Gram-positive species Staphylococcus aureus, Enterococcus faecalis, Bacillus cereus, and Listeria monocytogenes and Gram-negative species Escherichia coli, Salmonella enteritidis, Shigella sonnei, and Yersinia enterocolitica.
Using the disk diffusion method, the ability of bacteria to produce visible growth in the presence of various amounts of mushroom extract was investigated. All tested bacteria were, to a lesser or a greater extent, sensitive to the presence of the C. cibarius methanol extract. In general, Gram-positive bacteria have demonstrated a greater sensitivity to the tested extracts than Gram-negative bacteria ( Table 5 ). The diameters of the inhibition zones, determined by the disk diffusion method, ranged from 6.9 ± 0.2 to 21.2 ± 0.2 mm. The highest antibacterial potential was observed towards E. faecalis (21.2 ± 0.2 mm). Our extract showed significantly higher activity than the com- Table 5 Antibacterial activity of the methanol extract from C. cibarius determined by the disc diffusion method Diameter of inhibition zone (mm) including the initial diameter of the disk a (6 mm) Bacterial strain Source C. cibarius Gentamicin Tetracycline mercial antibiotics gentamicine and tetracycline, which indicates its antimicrobial potency. We used the disk diffusion method as a preliminary screening of antibacterial activity. This procedure, however, is not completely reliable and therefore we applied the broth microdilution method for the quantitative determination of MIC, which is based on the color change caused by the enzymatic activity of viable microorganisms. Well defined endpoints appeared as the results of the metabolic activity of bacteria, i.e. TTC reduction ( Table 6 ). The extract inhibited the growth of all tested Gram-positive and Gram-negative bacteria. MBC was achieved only against Gram-positive bacterial strains in the range of 2.5 ± 0.0-20.0 ± 0.0 mg mL −1 . The highest antibacterial potential of the C. cibarius methanol extract was obtained against E. faecalis (MIC -0.156 ± 0.000 mg mL −1 ; MBC -2.5 ± 0.0 mg mL −1 ). Similarly as in the disk diffusion assay, Grampositive bacteria were significantly more susceptible than Gram-negative bacteria.
E. faecalis are normal gut commensals, but are also a common cause of many serious human infections, including urinary tract infections, endocarditis, bacteremia, and wound infections. 83 Our results indicate a possibly important role of the methanol extract from C. cibarius as a potential bactericidal agent. The fight against E. faecalis by antibiotics is sometimes very long and difficult. 84 
Conclusions
With the increase in life expectancy and increase in lifestyle diseases, nutraceuticals are of particular interest because they can substantially reduce the use of antibiotics. With increasing concerns of consumers about side effects and the presence of synthetic additives in foods, demand for natural alternatives has increased rapidly. 85 The bioactive properties (antioxidative, cytotoxic, antihypertensive and antibacterial) of Cantharellus cibarius were evaluated using the complete methanol extract, which is a complex mixture of phytochemicals with additive and synergistic effects. The analyzed extract contains very useful phytochemicals among which phenols are the major components, followed by flavonoids, whose content is approximately 86% of the total phenol content.
The results of the antioxidant assays indicated that antioxidant activity was achieved through chelating iron as a dominant mechanism compared to hydrogen atom and/or electron transfer mechanisms in the formation of the nonradical forms. The high flavonoid levels as found in our extract may help provide protection against oxidative stress induced diseases. Many studies demonstrated that antioxidant properties are due to the presence of flavonoids, hence may be a reason for the high lipid peroxidation inhibition found in the studied extract. 86 The C. cibarius extract showed a certain selectivity in cytotoxicity on human cervix adenocarcinoma HeLa, breast carcinoma MDA-MB-453 and human myelogenous leukemia K562 in comparison with normal control human fetal lung fibroblasts MRC-5 and human lung bronchial epithelial cells BEAS-2B cells.
In our study ACE inhibitor activity of C. cibarius was reported for the first time. Hypertension is a very common disease that afflicts humans worldwide and is one of the major risk factors for cardiovascular disease. 75 Synthetic ACE inhibitors, such as captopril and enalapril, are widely used. However, side effects such as cough, angioneurotic edema and deleterious effects in pregnancy have been associated with their use. Therefore, new, natural product-based ACE inhibitors could help to prevent hypertension. They might especially help to prevent preeclampsia and its deleterious effects in pregnancy that seems associated with the use of synthetic ACE inhibitors. 87 This mushroom presents a promising antihypertensive activity, selective cytotoxicity, antioxidant activities against lipid peroxidation and antibacterial activity in vitro as a possible effective source of nutraceuticals. Further studies in vivo may more accurately demonstrate the possible therapeutic behavior of these compounds.
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